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ABSTRACT 
In the packaging industry container applications appear with increased barrier requirements. 
In order to protect food and medical products against oxygen and water vapor it is necessary 
to use at least two barrier materials in 2 or 3 layers, whereas one could also be the main 
packaging material. Materials with low oxygen permeability are tending to absorb water 
vapor. Studies have shown that the oxygen and vapor permeability strongly depends on its 
layer thickness. Based on this, the layer structure of multilayer containers can be defined. 
With measurements of oxygen and water vapor permeability the configuration of the layer can 
be improved to extend the shelf life of the package and to minimize the use of material. With 
the knowledge the required layer thicknesses in a container package can be determined. These 
layer structures can be simulated with the help of the flow sheet analyzes the injection blow 
molding process.   
1 INTRODUCTION 
The use of plastics in the manufacture of medical and cosmetic packaging receives an ever 
increasing importance. Through various manufacturing processes such as injection molding, 
film extrusion, blow molding and combinations of these, it is possible to produce functional 
products with a high added value. Packages which are needed in medical and cosmetics 
packaging have to fulfill requirements for oxygen and hydrogen barrier. Barrier improvement 
is obtained by multilayer technology that applies a barrier layer to the package, that typically 
is produced by co-injection molding. A skin and a core component are injected into a cavity. 
Processing techniques such as multi-layer injection blow molding connect the processes of 
injection and blow molding. In order to achieve a uniform wall thickness and thus a constand 
barrier layer thickness along the whole bottle cross section, preforms have to be designed and 
manufactured accordingly. This paper is discusses the oxygen and hydrogen permeability of 
particular plastics (COP and PA) and allows the definition of required layer thicknesses in 
order to obtain defined barrier properties [SIM13]. 
1.1 Manufacturing Process 
At present, various methods for the production of multilayer packages are applied. The most 
common methods are injection molding blow molding, blown film extrusion and injection 
blow molding. Blow molded containers can either be processed by a single or two-stage 
process. In the first step of the two-stage process the preforms are injection molded. There, 
they are cooled down and transported to the blowing machine. The preform is then re-heated 
above the glass transition point to then be stretch blow molded into the container for its 
application to the subsequent filling process.  The single-stage process also known as 
injection blow molding injection molds preforms in one station of the machine and blow the 
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thermally still conditioned preform in the second station as displayed in Fig.1.1. There are 
different methods to choose the sequence of the process steps, i.e. omitting the preform 
conditioning after injection and blow molding at 120-130°C subject to the material processed 
[SIM13] or including an additional stretching of the preform prior to blowing.  
 
 
Figure 1.1: Injection Blow Molding Process [TUE12] 
 
In case of multilayer injection technology, two injection units are required.  When co-
injection is applied the option is to simultaneously or sequentially inject the two materials into 
the cavity. However, in any case, it is required to control the wall layer thickness distribution 
along the flow path of the preform wall in a way that will allow to blow the container 
subsequently towards a uniform barrier layer thickness in order to provide reliable and 
consistent barrier properties in the container. In most cases, it is unknown as to what layer 
thickness is required in order to obtain desired barrier properties in an economic way. The 
objective of this work is, to determine the layer thickness performance of a COP/ PA material 
combination towards its barrier properties.  
 
1.2 Materials 
1.2.1 Skin Component COP 
In the manufacture of multi-layer preforms, COP is used as a skin component. COP stands for 
cyclic olefins polymer. This plastic is an amorphous COC (cyclic olefin copolymer) which is 
produced by polymerization and subsequent hydrogenation of dicyclopentadiene. [SAE07] 
COP provides high transparency, low birefringence, low moisture absorption, and for the case 
considered in medical application a good chemical resistance. A comparison with glass and 
polypropylene (PP) is displayed in Tab. 1.1 and allows to identify particular advantages of 
COP. Especially, relative to brittleness, malleability and density COP is advantageous.  
In order to improve the oxygen barrier in a COP package, it is proposed to apply PA as a 
barrier layer material. COP is typically processed at melt temperatures of 270 °C to 290 °C, 
thus being compatible with PA´s processing temperature in the same range. [SIM13] 
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Table 1.1: Properties of COP, Glass and PP 
Properties COP Glass Polypropylene 
oxygen  barrier o + o 
water vapor barrier + + o 
transparency after steam sterilization + + - 
transparency after EO sterilization + + - 
transparency after gamma sterilization + + - 
pH shift diluent + - + 
brittleness + - + 
malleability + - + 
disposal + - + 
cleanness + + o 
density + - + 
    
 favorable  = + average  = o poor = - 
 
1.2.2 Core Component PA  
Polyamid provides very good barrier to oxygen and nitrogen. Therefore its use is well-
introduced for multi-layer packages in various applications. At a certain wall thickness almost 
zero oxygen permeability is obtained. In order to assess this point of minimum oxygen 
permeation, the following work has been conducted with an oxygen permeation measurement 
device. 
 
2 EXPERIMENTAL STUDIES 
 
In this section of the paper the experimental studies are described and explained.  Potential 
laminate structures of COP and PA film are created with alteration of layer thicknesses and 
studied. From the information first indications are derived towards injection molding of a 
preform wall that will provide sufficient barrier material layer thickness for application 
oriented permeability data in a container.  
 
2.1 Sheet laminates with different material combinations 
 
2.1.1 Laminate Structures 
COP and PA film laminates were created whereas the layers were required to be bonded 
appropriately to one another. The laminate structure was tested for the experiments with 
different techniques. In the preparation of the laminates it is important to maintain the 
properties of the sheet as not to impact measurements from undesired damages. [SIM13] 
Various layer combinations and thicknesses were examined  that are then used for the 
investigation of oxygen and vapor permeability. The COP layer was first chosen to have a 
thickness of 60 microns and the PA layer a thickness of 50 microns. Further testing included 
total layer thickness of up to 390 micron. 
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2.1.2 Permeability Measurements 
The measurement of permeability of oxygen and water vapor is possible with special 
equipment, available from Mocon Inc.. The tests were made with two special devices, one for 
water vapor permeation and another one for oxygen permeation. The difference of both 
devices lies in the used sensor and the testing gas. Both sides of the multilayer film are 
immersed in different gases. On the water vapor transmission (wvtr) test the H2 particles 
permeated thru the film were detected in the carrier gas. In contrast to the wvtr test, the 
oxygen test detects the parts of oxygen in the carrier gas. The measurement time and the area 
of the test film at the ratio of the detected gas particels yield the permeability of the multilayer 
films.    
 
 
3 EXPERIMENTAL RESULTS AND LEARNINGS 
 
In this section the results of the oxygen and water vapor permeability test are presented 
discussed. Using this permeability results the layer thicknesses can be determined, which 
should be achieved in the multi-layer bottles. With these thicknesses the layer of the skin and 
core components can be found in the preform designed in an A-B-A structure.  
 
3.1 Oxygen Permeability Measurement 
The production of multilayer containers, typically, is required to provide the highest possible 
oxygen barrier capability subject to the application. In many cases, once the oxygen 
permeability performance is provided, little demand, if any, is remaining for additional vapor 
transmission reduction. Thus, as oxygen barrier is provided by a PA6 layer to be added into a 
package container, first measurements were conducted on this material. The measurement of 
COP film was experienced to be complicated by the fact that in contact with the sealing fats 
as applied in the measurement set-up, the material tended to display significant stress cracking 
making it difficult to obtain reproducable results.  
In Figure 3.1 the result of the permeability test for PA 6 is displayed for a measuring time of 
70 hours, showing that permeability decreases as the test environment increases in relative 
humidity. An increasing thickness of PA6 specimen results apparently in better barrier 
performance. The thickness of the specimen was accomplished by adding several layers of 50 
micron film segments over one another. The results display an almost minimum level of 
oxygen permeability at and above 100 micron thickness. The values shown represent the 
average of 6 measurements.  
The PA6 film with a thickness of 50 microns displays an oxygen permeability value of 
31.374 cm³/(m²d) for 0% RH which corresponds to data found in literature with 30 cm³/(m²d) 
[MCK12]. 
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Figure 3.1: Oxygen permeability of PA RH 0 % und RH 100 % [SIM13] 
 
The results of the measurements conducted at 100% and 0% RH on a layer thickness of 100 
micron and above show similar results with little difference. At a film thickness of 150 
microns, a value of 1.891 cm³/(m²d)  could be measured as the minimum value achieved in 
this test series. This value represents an almost perfect oxygen barrier performance that in 
most cases is not required to that extent, since barrier loss on the container finish or closure 
often times yields to much higher values thus making side wall performance data like this 
unnecessary and purely adding to container cost. 
 
 
Figure 3.2: Oxygen permeability of COP bei RH 65 % 
 
Figure 3.2 shows the measurement of oxygen permeability data on COP film, conducted like 
for the PA6 film, however the thickness of the specimen was increased up to 300 micron. A 
flattening of the curve was observed for a thickness of 300 micron and above. It becomes 
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apparent, that a pure COP layer, even with a thickness of larger than 300 micron, would not 
suffice an advanced barrier requirement on an oxygen sensitive packaged good as provided 
easily by a PA6 layer. 
The following diagrams in Figure 3.3 and Figure 3.4 show measurements as a function of 
time in one cell of the device with the three layer thicknesses of 50, 100 and 150 micron again 
comparing the two extremes of RH values. The graphs plot the oxygen permeability measured 
in cubic centimeters per square meter per day over time (in hours and minutes).  
The first six measured values in Figure 3.3 represent the measurement of the so called  
Independent Zero. The Individual Zero is measured prior to the current measurement, the 
points seven to twelve represent the measured values and the proportion of oxygen in the 
system due to leakage and system-related errors in the measuring chamber paths.  
The Custom Zero is assumed in the main measurement as a fundamental value of the existing 
oxygen permeability. That means the displayed main value of the Individual zero has to be 
added. The diagrams show the time required for the measurement.  
The actual measurement of the oxygen permeability does not begin until about 21 hours after 
the initiation of the measurement. Equivalent to these results are the results in Figure 3.4. The 
first six measurement points are Individual zero measuring points, the points seven to twelve 
represent oxygen vapor permeability data. 
 
 
Figure 3.3: Oxygen permeability of PA layer structures (50 µm-150 µm) RH 0 % [SIM13] 
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Figure 3.4: Oxygen permeability of PA layer structures RH 100 % [SIM13] 
 
3.2 Water Vapor Permeability Measurement 
Equivalent to the oxygen vapor permeability measurement the measurements for water vapor 
permeability were carried out. The COP film was first studied for the permeability of water 
vapor. Lab measurements with film layer thicknesses of 60, 120 and 180 microns were 
performed. Figure 3.5 shows the measured values of water vapor permeability for two 
different environments of RH. This result shows that with increasing layer thickness, the 
water vapor permeability is reduced. The measured values in Figure 3.5 indicate an 
exponential curve, which again allows to establish a layer thickness of now 200 micron and 
above where there will be little yield in further vapor barrier enhancement.  
The application of this information for multi-layer containers lead to a minimum of 200 
micron COP layer thickness in order to provide most effective water vapor permeability 
results. This also takes into consideration the economic aspect of minimum container weight 
(=wall thickness). This means that with the layer thickness established in these measurements 
a reasonable optimum is defined for water vapor as well as for oxygen barrier performance. 
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Figure 3.5: Water vapor permeability of COP [SIM13] 
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4 CONCLUSION 
 
Multi-layer injection blow molding is going to be more widely established in the packaging 
industry. While processing such containers is one significant requirement where different 
technology solutions will be applied, it is apparent that in order to obtain sustainable barrier 
properties, containers must achieve minimum wall thickness for reliable performance. The 
work conducted shows that for the material combination of COP and PA in an A-B-A 
structure with PA in the middle layer, there are definite layer thicknesses of the two materials 
that will provide an optimum in technical (good barrier performance with little further 
improvement by increased layer thickness) and economic (amount of material/ cost used) 
relation. In a container, the middle layer thickness of PA should be above 100 micron to 
provide best oxygen barrier and the outside COP layers will provide best water vapor barrier 
with a total layer thickness of 200 microns. Assuming that two COP layers are required, the 
total container wall thickness should not be less than 300 micron in order to obtain a best cost/ 
performance relationship in terms of barrier performance, i.e. three layers each with a 
thickness of 100 micron.  
A challenge for future work will address to assert that these required layer thicknesses will be 
achieved in the container side wall. This can only be granted once the preform wall thickness 
is maintained on a level that considers local stretch ratios from preform to bottle and defines 
the corresponding layer thickness in a preform, which will have to be examined in detailed 
blow experiments with different preforms. An indication of the preform layer set-up has been 
conceived in [SIM13] resulting in a preform cross section as displayed in Fig.4.1. The desired 
layer thickness in the preform has to be obtained by processing during injection, ideally 
through a combination of sequential and simultaneous co-injection. A simulation of various 
process configurations for preform molding shows that only particular processes will assert 
the required preform wall thickness distribution. Experiments are being conducted to confirm 
these simulation assessments. 
.  
Figure 4.1: Preform with good wall thickness distribution [SIM13] 
 
  
©2014 - TU Ilmenau  10 
5 ILLUSTRATIONS, GRAPHS, AND PHOTOGRAPHS 
 
5.1 List of Figures 
Figure 1.1: Blow Injection Molding Process [TUE12] .............................................................. 2 
Figure 3.1: Oxygen permeability of PA RH 0 % und RH 100 % [SIM13] ............................... 5 
Figure 3.2: Oxygen permeability of COP bei RH 65 % ............................................................. 5 
Figure 3.3: Oxygen permeability of PA layer structures (50 µm-150 µm) RH 0 % [SIM13] ... 6 
Figure 3.4: Oxygen permeability of PA layer structures RH 100 % [SIM13] ........................... 7 
Figure 3.5: Water vapor permeability of COP [SIM13] ............................................................. 8 
Figure 4.1: Preform with good wall thickness distribution [SIM13] ......................................... 9 
 
5.2 List of Figures 
Table 1.1: Properties of COP, Glass and PP 3 
 
REFERENCES 
 
[AGA09] Agassant, Jean-François (2009): „Injection molding. Technology and 
fundamentals“. Hg. v. Musa R. Kamal. Munich: Carl Hanser Verlag  
[BIC97] M. Bichler, B. Klotz (1997): „Multilayer-Preforms. Herstellung mehrschichtiger 
PET-Vorformlinge mit Rezyklat-Kernschicht im Coinjektionsverfahren“. In: 
Kunststoffe 87 (10), S. 1290-1298. 
[BRO02] Brooks, David W.; Giles, Geoff A. (2002): „PET packaging technology“. 
Sheffield, Boca Raton, FL: Sheffield Academic Press; CRC Press (Sheffield 
packaging technology). 
[DOM08] Domininghaus, Hans (2004, 2008): „Kunststoffe – Eigenschaften und 
Anwendung“. Berlin, Heidelberg: Springer-Verlag.  
[FRI06] Frick, Achim; Stern, Claudia (2006): „DSC-Prüfung in der Anwendung“. 
München, Wien: Carl Hanser Verlag. 
[JAR13] Jaroschek, Christoph (2013): „Spritzgießen für Praktiker“. 3., aktualisierte und 
erw. Aufl. München: Carl Hanser Verlag.  
[JAR97] Jaroschek, Ch. (1997): „Appetit auf Sandwich? Gezielte Ausbildung von Haut- 
und Kernschichten durch Monosandwich-Technik“. Kunststoffe 87(1), S. 33–35. 
[JOH04] Johannaber, F. (2004): Kunststoff-Maschinenführer. München: Carl Hanser 
Verlag.  
[JOH04a] Johannaber, Friedrich (2004): „Handbuch Spritzgießen“. München: München: 
Carl Hanser Verlag.  
[KOC12a] Koch, Michael (2012): „Vorlesungskript Spritzgießtechnologie“. Ilmenau.  
[KOC12b] Koch, Michael (2012): „Vorlesungskript Kunststofftechnik Teil 1 und Teil 2“. 
Ilmenau. 
[MCK12] McKeen, Laurence W. (2012): „Plastics Design Library: Permeability Properties 
of Plastics and Elastomers”. Amsterdam ; Heidelberg [u.a.] : Elsevier.  
[MIC91] Michaeli, Walter (1991): „Extrusions-Werkzeuge für Kunststoffe und 
Kautschuk“. München Wien: Carl Hanser Verlag.  
[MOC13] Mocon (2013): „Bedinungsanleitung Ox-Tran® 2/61“. Minnesota, USA.  
[MOL12] Moldex3D, CoreTech System Co., Ltd. (2012): „Materialdatenbank”.  
[MOL13] Mold-Masters Europa GmbH. „IRIS Co-Injection”. Baden-Baden, Online 
verfügbar unter: 
http://www.moldmasters.com/index.php?s=products&o=product&id=17, zuletzt 
geprüft am 12.11.2013. 
[MUE11] Dr. K. Müller, J. Botos, Prof.Dr.-Ing. M.Bastian, Dr. P.Heidemeyer, T. Hochrein 
©2014 - TU Ilmenau  11 
(2011): „Schneller zum Ergebnis. Permeationsmessung von Folien“. In: 
Kunststoffe (75-80). 
[NET94] Nentwing, Joachim (1994): „Kunststoff-Folien. Herstellung, Eigenschaften, 
Anwendung, mit 38 Tabellen“. München, Wien: Hanser.  
[PET94] G.W.M. Peters (1994): „Multilayer Injection Moulding Part 2”. In: International 
Polymer Processing IX-3, S. 258-265. 
[POT05] H. Potente, M. Koch, E. Moritzer, E. Kaiser, H. Ridder, M. Schäfers (2005): 
„Mehrkomponenten - Verfahren richtig anwenden. GIT, Sandwich und 2k in 
Praxis und Forschung“. In: Kunststoffe (2), S. 44–47. 
[SAE07] Saechtling, Hansjürgen. Baur, Erwin (2007): „Saechtling-Kunststoff-
Taschenbuch“. München, Wien: Hanser.  
[SCH99] Dr. Heiko Schenck, Jacques André (1999): „Barriereeigenschaften: Theorie und 
Praxis“. 89 (4), S. 106–110. 
[SIM13] Ch. Simon (2013), “Modellbildung zum Grenzschichtverhalten, Simulation und 
experimentelle Verifikation des Co-Injektionsverfahren”, Masterarbeit, Ilmenau.  
[STE08] Steinko, Willi (2008): „Optimierung von Spritzgießprozessen“. München: 
Hanser Verlag. 
[STI04] Stitz, Siegfried; Keller, Walter (2004): „Spritzgießtechnik. Verarbeitung - 
Maschine - Peripherie.“ München: Carl Hanser Verlag  
[THG06] Thielen, Michael; Hartwig, Klaus; Gust, Peter (2006): „Blasformen von 
Kunststoffhohlkörpern“. München, Wien: Carl Hanser Verlag. 
[TUE12] M. Türk (2012), “Entwicklung eines Heißkanal- und Schmelzedosiersystem für 
das Multilayerspritzblasen” Ilmenau. 
[VMP91] E.Vos, H.E.H.Meijer, G.W.M.Peters (1991): „Multilayer Injection Moulding”. 
In: International Polymer Processing VI-1, S. 42-50.  
[VOS91] E. Vos, H. E. H. Meijer, G. W. M. Peters (1991): „Multilayer Injection 
Molding“. In: International Polymer Processing VI (1), S. 42–50. 
[ZIP92] Zipp, Thomas (1992): „Fliessverhalten beim 2-Komponenten-Spritzgiessen. 
Flow behaviour in coinjection moulding.“ 1. Aufl. Aachen: Verl. der 
Augustinus-Buchh. (Aachener Beiträge zur Kunststoffverarbeitung, Bd. 3). 
 
CONTACTS 
 
M. Sc. Christian Simon   christian.simon@tu-ilmenau.de 
M. Sc. Marko Türk    marko.tuerk@tu-ilmenau.de 
Prof. Dr.-Ing. Michael Koch   michael.koch@tu-ilmenau.de 
